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Background

Lung metastases (LM) have a poor prognosis of osteosarcoma. This study aimed to predict the risk of LM using the nomogram in patients with osteosarcoma.



Methods

A total of 1100 patients who were diagnosed as osteosarcoma between 2010 and 2019 in the Surveillance, Epidemiology and End Results (SEER) database were selected as the training cohort. Univariate and multivariate logistic regression analyses were used to identify independent prognostic factors of osteosarcoma lung metastases. 108 osteosarcoma patients from a multicentre dataset was as valiation data. The predictive power of the nomogram model was assessed by receiver operating characteristic curves (ROC) and calibration plots, and decision curve analysis (DCA) was utilized to interpret the accurate validity in clinical practice.



Results

A total of 1208 patients with osteosarcoma from both the SEER database(n=1100) and the multicentre database (n=108) were analyzed. Univariate and multivariate logistic regression analyses showed that Survival time, Sex, T-stage, N-stage, Surgery, Radiation, and Bone metastases were independent risk factors for lung metastasis. We combined these factors to construct a nomogram for estimating the risk of lung metastasis. Internal and external validation showed significant predictive differences (AUC 0.779, 0.792 respectively). Calibration plots showed good performance of the nomogram model.



Conclusions

In this study, a nomogram model for predicting the risk of lung metastases in osteosarcoma patients was constructed and turned out to be accurate and reliable through internal and external validation. Moreover we built a webpage calculator (https://drliwenle.shinyapps.io/OSLM/) taken into account nomogram model to help clinicians make more accurate and personalized predictions.
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Introduction

Osteosarcoma is the most common malignant tumor of primary bone other than tumors of the lymphohematopoietic system. It is thought to originate from mesenchymal tissue, accounting for approximately 16% of primary bone tumors and 19% of malignant bone tumors, 90% of which are common osteosarcoma (1, 2). Some osteosarcoma patients were diagnosed with Lung metastasis (LM) at presentation, and about 50% of patients without LM at the beginning of the presentation were also developed LM during chemotherapy.

LM has a high mortality rate at an early stage and it can be mistaken for trauma or growing pains and neglected at the onset. In addition, severe side effects such as myelosuppression, gastrointestinal toxicity and hypersensitivity reactions and resistance to conventional chemotherapy greatly reduce the quality of life of patients (3, 4). Although the treatment model of osteosarcoma has been improved from “amputation-based” to “preoperative neoadjuvant chemotherapy, surgical resection of tumor, and postoperative adjuvant chemotherapy” in recent years, the 5-year survival rate of patients with LM <30% (5, 6). So there has been a demand for further study on osteosarcoma, especially the problem of LM to improve the quality of life of patients and overall survival rate (5, 6).

In recent years, nomogram have been extensively used worldwide to generate the likelihood of clinical events through complex computational formulas (7, 8). With the help of nomogram, clinicians can assess the risks of clinical events and then design individual treatment plans, determine the use of adjuvant therapies, optimize treatment protocols and consider appropriate patient counseling (9). Little research is found about LM combined with nomogram in osteosarcoma-related studies. Considering the important role of LM in the prognosis of osteosarcoma, this study aimed to use a nomogram to identify patients with osteosarcoma at high risk of LM.

Studies based on relevant Surveillance, Epidemiology and End Results (SEER) databases can target larger populations in different regions than single-centre studies. The SEER database (https://seer.cancer.gov/) currently collects approximately 34.6% of tumour incidence and survival data from US population-based cancer registries. It is considered the definitive source of tumour information in the US source (10). We extracted osteosarcoma patient data from SEER to build a prediction model, and further collected patient data from four medical centers in different regions of China for external validation of the model. In order to make the model truly clinically useful, we dynamized the model through a web calculator.



Methods


Data sources and inclusion criteria

The population data for this retrospective study included all patients diagnosed with osteosarcoma. We extracted 1100 patients diagnosed with osteosarcoma between 2010 and 2016 from the SEER database using the SEER*STAT (8.3.5) software,which divided into a training set and an internal validation set in the ratio of 7:3. The inclusion criteria were as follows:(1) ICD-O-3 for osteosarcoma:9180-9185;(2) complete clinical information with a clear survival or follow-up time;(3) age >18 years. Exclusion criteria were as follows: (1) clinical information was missing or unknown; (2)other primary tumour disease and cases with unknown metastatic status.

Demographic and clinical characteristics in the SEER database were as follows: Race, Age, Sex, Primary site, Histological differentiation, Laterality, Grade, T-stage, N-stage, Surgery, Radiation, Chemotherapy, Bone metastases,and lung metastases. We also recruited 108 patients from multi-centre data, as external validation.The Osteosarcoma’s tumor node metastasis (TNM) stage was evaluated based on the 7th edition of the American Joint Committee on Cancer (AJCC) staging manual. “SEER Combined Mets at DX-lung (2010 +)” was used to identify the presence of lung metastasis in a newly diagnosed.Two experts from each hospital were independently responsible for acquiring and processing the data to avoid subjective bias, and The data was reconfirmed by a third person.

Finally, we used a Microsoft Excel tool (Microsoft Excel, 2013, Redmond, USA) to record all data information accurately and sort it according to date.



Nomogram construction, validation and clinical application

A total of 1208 patients were identified by recording patient demographics and baseline clinical survey data, with 1770 patients as the training cohort, 330 patients an internal validation set from the SEER database and multicentre data as the validation dataset (n=108). Thereafter, all data were subjected to preliminary descriptive statistics to describe the baseline characteristics of the two cohorts. Baseline patient characteristics were compared between the training cohort and the validation cohort by chi-square test.

Firstly, we assessed variables predicting the occurrence of lung metastases in Osteosarcoma patients by univariate logistic regression analysis. Subsequently, multivariate logistic regression analysis was used to assess each variable at the 0.05 significance level and to identify independent factors associated with lung metastasis. Thirdly, the data for the training cohort was used to construct column plots based on these prognostic factors Univariate and multivariate logistic regression models were used to identify variables significantly associated with pulmonary metastases from Osteosarcoma in the SEER dataset. Columnar line graphs of lung metastasis prediction based on independent factors were then constructed from the SEER cohort. In addition, we performed decision curve analysis (DCA) to assess the clinical utility and value of the line graphs. After building the nomogram, we evaluated a series of metrics. For calibration, we first assessed the discriminatory ability of the new model using the area under the time-related subject operating characteristic (ROC) curve (AUC) to improve the accuracy and comprehensiveness of the comparison (11), with the higher area under the curve (AUC) being more accurate. All analyses were performed using R software(version 4.0.5). Two-tailed p-values less than 0.01 were considered statistically significant. The relationship between actual and predicted probabilities was verified by calibration curves. The agreement between the predicted probabilities and the actual situation using column line plots was assessed by plotting calibration plots (12). Finally, we used DCA to assess the clinical validity of the model (13). This study statement confirms that all methods were performed in accordance with relevant guidelines and regulations, and all experimental protocols were approved by the Ethics Committee of Xianyang Central Hospital, confirming that informed consent was obtained from all subjects or their legal guardians.



Statistical methods and software

In this study, normally distributed continuous variables such as Age and Survival time were expressed as mean ± standard deviation, while other categorical variables were expressed as numbers and percentages (N, %). SPSS statistical software (SPSS version 26.0, Chicago, USA) was used for the statistics and R software (version 4.0.5, http://www.Rproject.org) was used for the column line graphs development and evaluation. Firstly, univariate logistic regression analysis was used to identify risk factors associated with lung metastases, and patients with P<0.05 in univariate analysis were included in multivariate logistic regression analysis to identify independent prognostic factors. In addition, we calculated the corresponding 95% confidence intervals (95% CI). Based on the independent risk factors, column line plots predicting the development of lung metastases in patients with Osteosarcoma were constructed. Calibration plots were used to assess the accuracy of the columnar plots, while DCA curves were used to assess the clinical value of the columnar plots. Unlike sensitivity, specificity and area under the curve, DCA directly assesses the utility of clinical risk prediction models in decision making (14). p-values less than 0.05 were considered statistically significant.




Results


Baseline patient characteristics

A total of 1208 patients with Osteosarcoma were retrieved for further analysis based on inclusion criteria and screened for inclusion.1770 patients as the training cohort, 330 patients an internal validation set from the SEER database and 108 patients from the multicentre were included in the validation cohort. The training cohort was used to construct and internally validate the column line graphs, and the validation cohort was used for external validation. Detailed demographic information and clinical characteristics of the two cohorts and their comparisons are shown in Table 1. As shown in Table 1, there were no statistically significant differences between the SEER database and Multicenter cohorts in terms of Age, Survival time, Sex, Primary site, Differentiation, Grade, T stage, N stage, Surgery, Radiation, bone metastases and lung metastases (p>0.05), but there were significant differences in terms of race, laterality and chemotherapy (p< 0.05).


Table 1 | Baseline data table of the training group and the validation group.



In Table 2, out of a total of 1208 patients with Osteosarcoma, 220 developed pulmonary metastases and 988 did not. There were significant differences between the LM and NO-LM groups in terms of Survival time, Stage group, T stage, N stage,Surgery and Bone metastases (p<0.001). In the LM group, 135 (61.4%) patients underwent surgery compared to 844 (85.4%) in the NO-LM group. A total of 148 (12.3%) patients received Radiation and 1060 (87.7%) patients did not receive Radiation. A total of 969 (80.2%) patients received chemotherapy and 239 (19.8%) patients did not receive chemotherapy. A total of 1144 (94.7%) patients did not develop bone metastases, compared to 7 (0.6%) and 57 (4.7%) patients with unknown and developing bone metastases respectively. We also compared LM and NO-LM groups in the training cohort, most similar results were also found in Table S1.


Table 2 | Baseline data for patients presenting with and without lung metastases.





Univariate and multivariate logistic regression results

Risk variables for lung metastasis were analysed by applying univariate and multivariate logistic regression in patients with Osteosarcoma (Table 3). Univariate logistic models showed that significant factors such as Survival time, Sex, T stage, N stage, Surgery, Radiation, and Bone metastases were associated with lung metastasis. Further we used multivariate logistic regression analysis to confirm the association between T stage (T2, OR=2.337, 95% CI=1.517-3.601, p<0.001; T3, OR=4.197, 95% CI=1.727-10.199, p<0.01; Tx, OR=2.056, 95% CI=1.168-3.621, p< 0.05), N stage (NX, OR=2.110, 95% CI=1.133-3.928, p<0.05) and Bone metastases (yes, OR=4.329, 95% CI=2.265-8.275, p<0.001; unknown, OR=9.848, 95% CI=1.113-87.117, p<0.05) were independent risk factors, and Survival time (OR=0.973, 95% CI=0.963-0.983, p<0.001) and Surgery (yes, OR=0.540, 95% CI=0.355-0.822, p<0.01) were independent protective factors for lung metastases in patients with Osteosarcoma, and these factors were significantly associated with lung metastases in patients with Osteosarcoma.


Table 3 | Univariate and multivariate logistic regression analysis of risk factors for lung metastasis in patients with osteosarcoma.





Nomogram construction and verification

To predict the occurrence of lung metastasis in patients with Osteosarcoma, a nomogram was created based on the univariate and multivariate logistic regression results from the training set (Figure 1A). By counting each variable point, the total number of points may be correlated with the probability of lung metastasis in Osteosarcoma. As seen in Figure 1A, we found that bone metastases had the greatest effect on lung metastases, while surgery and sex having the least effect. The predicted nomogram was validated in both the SEER cohort and the multicentre cohort. The AUC is showed in Figure 2 A,and in internal validation and externalvalidation were 0.805 (95% CI: 0.758 to 0.846) and 0.753 (95% CI:0.661 to 0.831), respectively (Figures 2B, C). The calibration curve for the column line plot performed well in both the training and validation cohorts (Figures 1B–D). The results of the training and validation cohorts consistently showed that the predictive power of the nomogram was higher than that of the univariate factor.




Figure 1 | Nomogram predicts LM in patients with osteosarcoma. The LM Nomogram (A) contains six prognostic factors and illustrates the risk of LM in patients by mapping their values to covariate scales. The calibration curves for the prediction training group (B), internal validation group (C) and multicentre validation group (D) are shown on the right.






Figure 2 | ROC curve analysis of the predicted LM nomogram (A training group, B internal validation group and C multicentre validation group) for indicating the discriminatory ability of the nomogram. The specific AUC values were shown in Table 4.



In addition, we designed an online web-based calculator (https://drliwenle.shinyapps.io/OSLM/) to help us more effectively assess each patient’s risk of developing lung metastases, which can individually predict the probability of lung metastases based on the patient’s clinical characteristics. The results of the validation cohort showed that the new model significantly improves the accuracy and reliability of cancer prediction compared to the single factor in Table 4.


Table 4 | AUC of training group and validation group.





Clinical application of LM nomogram

Kaplan-Meier survival curves were plotted for overall survival in 1208 patients (Figures 3A, B). The results showed that Osteosarcoma patients with lung metastases had significantly lower survival levels compared to the NO-LM group both in all patients and external validation cohort (p<0.0001).




Figure 3 | Kaplan-Meier survival curves were plotted for overall survival for patients with Osteosarcoma. A cohort of all patients was included to construct Kaplan-Meier survival curves (A). Kaplan-Meier survival curves in external validation cohort (B).



Meanwhile, we observed that the model has good clinical utility in predicting lung metastases in both the training cohort and the validation cohort of patients with Osteosarcoma. The net benefit of the training cohort was slightly higher than external validation cohort, which may be due to the limitation of the validation cohort size (Figure 4).




Figure 4 | Nomogram determination curves (DCA) for lung metastasis risk. The red curve (number at high risk) indicates the number of people classified as positive (high risk) for each threshold probability for the Nomogram. The green curve (number at high risk with outcome) indicates the number of true positives at each threshold probability (A training group, B internal validation group and C multicentre validation group).






Discussion

Currently, despite the availability of treatments such as surgery and chemotherapy, the 5-year survival rate of osteosarcoma patients was still less than 70% (15), and metastases were statistically observed in 30-40% of osteosarcoma patients (16), of which the lung was the most common site of involvement (17, 18), and the 5-year survival rate for developing LM was even lower than 30% (19). Therefore, screening patients with osteosarcoma at high risk of LM has significant implications for guiding medical decisions, both for clinicians and patients.

There have been some previous studies on clinical prediction models for osteosarcoma, but the data for both the training and validation groups of these articles were obtained from the SEER database and were not externally validated. Meanwhile, these studies were all predictive of survival or distal metastasis and did not predict lung metastasis, the most critical factor affecting the survival of osteosarcoma patients. In terms of model application, these studies also only did nomogram and did not make it visual and dynamic (20–24). Nomogram is a quantitative tool to assess risk and benefit, and has made an outstanding contribution to modern medical decision making (25). Compared with conventional prognostic factor analysis, such as regression analysis and correlation analysis, nomogram provided a personalized estimate of the probability of an event by combining various important factors, providing a clear picture for clinicians to predict the outcome of a disease so that they can make decisions that were more valuable for treatment in the clinical process (26). Nomogram approaches have better applications and more advantages in the interpretation of complex mathematical models compared with traditional statistical presentation. The ability of a single influencing factor to predict the prognosis of patients is limited. Therefore, we need to combine all clinically relevant factors as much as possible to play an active role in accurately predicting lung metastases in patients with osteosarcoma. In addition, a web-based calculator has been designed to make it more applicable for clinical work.

Our study showed T stage, N stage and bone metastases were the most important risk variables for lung metastases, which is also consistent with previous findings (27). The Osteosarcoma presenting patients with metastatic lesions have a low survival rate compared to patients with focal OS (28). All we can conclude is that both regional staging and bone metastases are associated with a higher risk of mortality after controlling for confounding factors. Unlike conventional tumours, Osteosarcoma may not be sufficiently sensitive to respond to chemotherapy and radiotherapy (29), such that surgery plays an important part in the treatment of OS. In our study, both survival time and surgery were independent protective factors and negatively correlated with lung metastases and it was demonstrated that patients without surgery had a poor prognosis. In contrast, the extent of surgical resection is important for local control of the tumour (30). However, in our study, the SEER database did not contain detailed data on the extent of surgical resection, so we did not specifically investigate the impact of this variable

From the Nomogram plot, bone metastasis was the best predictor for the occurrence of LM in this study. According to previous literature, the probability of bone metastasis in osteosarcoma was only 8-10%, but the occurrence of bone metastasis usually implies combined multi-metastatic disease (27, 30, 31). This phenomenon may be related to the skeletal microenvironment. The skeletal microenvironment includes osteocytes, bone marrow endothelium, adipocytes and the immune environment, structures that participate in bone homeostasis in an as-yet-undefined manner by strictly regulating skeletal physiology in order to meet the various needs of the host. However, once the skeletal microenvironment was disrupted, it became a favorable “ground” for tumor metastasis (32). It had been shown that the development of lung adenocarcinoma was associated with the activity of osteoblasts and the accumulation of tumor-promoting sialic acid binding Ig-like lectin (Siglec) F high neutrophils in the lung. The depletion of osteoblasts in this experiment was found to reduce neutrophil accumulation significantly and tumor growth, revealing an important link between resident cell populations in bone and tumor growth at primary and distant metastatic sites (33) The above study suggested that bone metastases were indeed more likely to be combined with metastases from other sites of tumor. Furthermore, the results of logistic regression analysis of the current study confirmed this idea, with the risk of LM in osteosarcoma patients with the presence of bone metastases (OR = 9.868) being 9.8 times higher than that of those without detected bone metastases. Therefore, it was reasonable to assume that osteosarcoma patients with bone metastases present had a greater risk of developing LM.

In addition, the occurrence of LM was also associated with regional lymph node metastasis, and according to the results of logistic regression analysis, the risk of LM was significantly higher in both those with regional lymph node involvement and those with unknown regional lymph nodes which was 3-4 times higher than that of osteosarcoma patients without lymph node metastasis, based on osteosarcoma patients without lymph node metastasis. This view has been supported by relevant studies, and an autopsy study performed by Hatori et al. confirmed that LM through the lymphatic route were more common in multifocal osteosarcoma (34). However, there was no clear explanation for how lymphatic metastasis occurs in osteosarcoma (35). It has been found that osteosarcoma metastases with the destruction of the ctorex, and it was suspected that the metastatic route may occur through the lymphatic vessels of the synovial membrane and bursa (36). In terms of osteosarcoma lymphatic metastasis detection, one study detected lymph node metastasis in pediatric sarcoma patients by whole-body imaging with positron emission tomography using 18-fluorodeoxyglucose (FDG) as a tracer (FDG-PET). Moreover, this method was also effective for the detection of bone metastases. Finally, it was worth noting that this study concluded that gender was also a risk factor for LM. The results of the logistic regression analysis showed that the risk of LM was higher in men than in women. As shown by the OR value (0.664), the male-to-female ratio for LM was 1:0.664, which can be inferred that the risk of transfer was 1.5 times higher in men than in women.

Considering the tremendous impact of the presence of LM on the prognosis of patients with osteosarcoma, it was necessary to screen outpatients with osteosarcoma at high risk of LM. The advantage of the nomogram was that clinicians could calculate the risk of LM more accurately with a simple piece of paper without having to understand complex formulas. The DCA has also proven its clinical usefulness, and if clinicians focused on DCA, they can make better medical decisions to the patient.

Although our study has several strengths, it also has several limitations. Firstly, this study was limited by the data collection of retrospective studies, which may have inherent biases. For example, the specifics of tumour composition and different surgical approaches were not available, which may lead to selection bias and limit the need for prospective data collection for further analysis.Secondly,although tumour size is often an important clinical predictive indicator in tumor disease, it was not found to be an independent risk factor associated with outcome in our study. Finally, although our nomogram was developed and validated in the SEER database and multicentre databases, prospective external validation of the prediction models is still necessary. Considering that all factors required in the nomograms is available clinical data, it can be used to effectively individualise the predictions. Of course, we hope to continuously improve the model in the future by incorporating a variety of other clinical factors to better facilitate clinicians



Conclusions

In conclusion, our study was to develop a nomogram model on the prognosis of pulmonary metastases from osteosarcoma. We investigated a large number of patients based on the SEER database and a multicenter dataset. By analyzing the clinical characteristics and associated risk factors, we improve the prediction of lung metastasis risk and provide a basis for individualized treatment and follow-up strategies. The web-based calculator constructed in this study is an easy-to-use clinical tool that helps to promote personalized treatment.
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